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COMMENTS OF THE ENVIRONMENTAL DEFENSE FUND ON THE WAIVER
APPLICATION BY ETHYL CORPORATION FOR METHYCYCLOPENTADIENYL
MANGANESE TRICARBONYL (MMT) AS A GASOLINE ADDITIVE

The Environmental Defense Fund submits these commerits on the
application by the Ethyl Corporation to add MMT, an
organomanganese compound, to gasoline as an octane enhancer. EDF
is a national, nonprofit, environmental research and advocacy
organization with over 100,000 members throughout the United
States. These comments are prepared by Ellen K. Silbergeld,
Ph.D., Senior Scientist and Director of the Toxic Chemicals
Program. EDF intends to submit an expanded version of these
comments before the close of the public comment period; this
document is for purposes of the public hearing.

Over the past decade, I have served on several EPA
committees charged with assessing environmental fate and
transport, exposure, and health impacts of another organometal
gasoline additive also manufactured by Ethyl tetraethyl lead. In
addition, I have provided comments on request to the governments
of Canada, Bermuda, Thailand, and Mexico on the topic of lead
additives to gasoline. Since receiving my Ph.D. from Johns
Hopkins in 1972, I have actively conducted basic and clinical
research on the effects of low level chronic exposure to both
lead and manganese. While I was at NIH, I provided expert
opinion via the Director of NINCDS to the government of Bolivia
on the potential effects of manganese in drinking water. More
recently, I was a peer reviewer of EPA’'s most recent health
assessment of manganese. 1 also reviewed the recent Health
Effects Institute paper on the health effects of manganese as an
additive to gasoline. ' .

Earlier this month, I met with two representatives of Ethyl,
Dr. Gary Ter Haar and Dr. Donald Lynam, at their request, to hear
their position in support of Ethyl’s application to use MMT in
unleaded gasoline. I am aware of the arguments and data upon
which Ethyl’s application is based.

EDF strongly opposes granting this waiver application., The
Clean Air Act provides that EPA "may" grant a waiver allowing the

use of manganese as a fuel additive upon determining that the
additive will not impair emissions control devices such as the.
catalytic converter. Regardless of the effects of MMT on '
emissions control, there is no dispute that manganese is
neurotoxic to humans. On this basis, EPA should deny this
waiver, particularly since Ethyl has failed yet again to provide
relevant or convincing evidence that use of MMT will not affect




P.3

human health. EDF believes that it would be an abrogation of ‘
EPA’'s clear responsibility under the Clean Air Act to protect
human health, to do othervise.

It is rare that an opportunity arises to apply the clear
lessons of the past 50 years’ experience with a very similar
application. To disregard these lessons by approving the
widespread and inherently dispersive use of another neurotoxiec
metal would be to invite repetition of the public health
catastrophe associated with the use of lead as a gasoline
additive from 1925 to the present. The 1988 ATSDR report to
Congress on childhood lead poisoning documents that lead toxicity
is an epidemic in the United States. Even after considerable’
reductions have been imposed on the use of lead in gasoline --
after prolonged debate and litigation, it should be noted -- we
are only now confronting the extraordinarily difficult challenge
of cleaning up the residues of lead fallout from city.
playgrounds, school yards, and backyards around America. Dr.

" Katherine Farrell and Dr. Boon Lim, of the Maryland Department of
Environment, are currently conducting research, sponsored by EPA,
on the significance of soil lead as a source of exposure for
urban children; a recent report from the California Department of
Health Services already demonstrates the quantitative
relationship between soil lead and childrens’ blood lead levels.

This is an experience we cannot afford to repeat. The
parallels between Ethyl’s proposal in 1990, to use manganese, and
its proposal in 1925, to use lead, are chilling. In both cases,
the exclusive basis for this application is its purported effect
on emissions of hydrocarbons and NOx from cars. No data were or
are submitted on the potential cumulative health effects of
massive inputs of a toxic metal into the environment, its
deposition into surface dusts and soils, and its longerm fate
and exposure pathways to humans. In 1925, Ethyl argued that the
amounts of lead to be added to gasoline were of negligible
importance, and that lead was only toxic at the high doses
encountered in certain: industrial settings. In 1990, Ethyl
argues that the releases of manganese to the environment will be
insignificant and that manganese is only toxic at high doses in
industrial settings. In both cases, Ethyl has suggested that
acceptance 'of its additive is of critical importance to the-
nation (see generally Rosner and Markowitz (1983) [attached] for
the historical perspective on Ethyl’s campaign to.secure .
acceptance of tetraethyllead).-

In 1925, over the piophetic objections of Dr. A. Hamilton
and Y. Henderson, the U.S. Public Health Service acquiesced in
approving Ethyl’s application despite the absence of any data
the impact of lead additives on environmental concentrations of
lead . or the health effects of low level, chronic lead exposure,
particularly in children. The PHS urged that these and other -
' issues be considered in a reevaluation to be conducted at some-
later point; this reevaluation did not commence until 1977. By
.then, millions of tons of. lead had been spread throughout. .. -
-America.
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In 1990, amazingly, Ethyl finds it unnecessary to do
anything more than it did in 1925. Wholly inadequate data are
presented to indicate that adding manganese to gasoline does not
change concentrations of manganese in ambient air over the short
term in some selected Canadian cities. Ethyl does not cite a
recent study from California indicating that increases in
airborne manganese in air samples are related to additions of -
manganese to gasoline already permitted by EPA (see Davis, et al,
1988; references attached). No in-depth discussion of the health
effects of manganese is presented, nor -- more importantly -- is
there a discussion of the critical datagaps on manganese toxicity
that must be filled before any decision can be approved that
would result in tons of manganese released into the environment
(see attached bibliography).

EPA must assert Its leadership role in 1990 to defend the
preventive imperative of its mandate to protect human health and
the environment. What is at stake is not the health of emission
control devices in automobiles but the health of humans. This
waiver cannot be approved until the applicant provides
substantive information on the cumulative impacts of manganese
additives on environmental quality (not solely ambient air
concentrations) and convincing evidence that such impacts will
not adversely affect the health of any segment of  the human
population over the longterm. '

In making this case, Ethyl must demonstrate that the likely
experience with manganese will not resemble that with lead.
This demonstration will be difficult. Both lead and manganese
are elements and as such will not degrade or quickly disappear
from stable environmental compartments, such as soils, dusts, and
sediments. Patterns of use will result in relative enrichment in
urban, densely populated areas with high levels of vehicular
traffic and residential patterns such that persons are in close
contact with the areas most heavily impacted by fallout from
vehicle emissions. While the proposed per gallon usage of
manganese is less than the usage of lead in gasoline at its peak
prior to regulation in 1978, the vastly increased amount of
gasoline consumed and number of vehicle miles driven in the U.S.
in 1990 as compared to 1925 will ensure that the rate of
contamination of our enviromment from this source will be
comparable.

Both lead and manganese are neurotoxic metals. While the
data on manganese is relatively sparse (compared to lead -- but
we have not yet conducted a massive human experiment with
manganese), the hazard identification of manganese as a
neurotoxin and lung toxin is clear (see generally EPA’s HAD on
manganese and attached bibliography). Manganese, like lead, is
a cumulative toxin in that both its absorption and retention as
well as its toxicity increase with time. At present, there are
insufficient data on the low level, chronic sequelae of manganese

exposure .-- similar to the case for lead in 1925 as noted above. -

There are no data on the effects of manganese on the ageing
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brain, although it has been suggested that the nature of
manganese-induced pathophysiology -- damage to the nigrostriatal
system -- is such that interaction with normal cell loss during
senescence would be expected. The potential for selective
susceptibility to manganese in the aged must be of great concern
as the U.S. population ages. Studies on the population of Groote
Eylandt disease by Cawte (which I was one of the first persons to
review over ten years ago) suggest that there may also be fetal
and early developmental effects of manganese. The possibility
that iron deficiency may potentiate manganese toxicity is of
considerable concern, given the prevalence of iron deficiency in
the U.S. (see NHANES II data).

The mechanisms by which manganese damages neural tissue
(particularly catecholaminergic pathways) are unknown, so that we
cannot propose an overall dose response relatienship or rational
basis for risk assessment. There are inadequate studies on the
immunotoxic effects of MMT or manganese. The toxicokinetics of
low dose manganese exposure are not known; the observations of
apparent decreases in brain manganese concentrations with
prolonged exposure are at relatively high exposures and may
reflect a pathological effect (e.g., loss of normal Mn binding
sites, such as enzymes or other proteins) rather than a
protective effect. These rather odd toxicokinetics have not been
replicated in primates. Moreover, as the study by Yamada et al
indicates, the expression of severe akinetic and neuropsychiatric
symptoms were not associlated with increased concentrations of
manganese in brain, further indicating that the mechanisms as
well as the toxicokinetics of manganese are not well understood.
No defined biological markers for manganese exposure in humans
have been validated, so that interpretation of epidemiological
studies is limited.

F;
1
=

In summary both what we and do
about the likely toxic effects of adding manganese in large total
amounts to the environment must persuade EPA to reject this
application, We know that manganese at high dose is a
demonstrated human neurotoxin, with persistent and irreversible

&

- pathological effects on brain structure and resulting severe -

impairments in movement and mental state. We do not know what
the longterm, chronic, low dose consequences of human exposure to
manganese are. We do not know a "safe" level of manganese
exposure, particularly for those subgroups that may be at
increased risk for neurotoxicity (the young and the aged). We do
not know if manganese is carcinogenic, although there is evidencr
that it can break DNA.

With respect to exposure assessment in contrast, we kno
great deal, based upon our tragic experience with lead, abr
likely cumulative impacts of such a use upon human exposv
manganese. We know that the gradual contamination of tF
environment by this additive will not be readily rever
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that manganese will accumulate in specific parts of the
environment, many of which are subject to intensive human
interaction (urban dusts and soils). We know that manganese in
air and in surface dusts and soils will be present directly to
humans as a source of exposure.

Ethyl has chosen to focus in its application on the:
purported efficacy of manganese additives-to reduce certain
pollutant emissions from vehicles. In a well mounted publicity
campaign over the past week, Ethyl has sought to harmess concerns
over the impacts of these air pollutants on global and local air
quality as justification. Ethyl has selectively cited bits of
data in support of its contention that use of MMT will not
increase manganese concentrations in air in cities. Ethyl has
provided no data on impacts of manganese additives on manganese
concentrations in more stable postdeposition compartments, such
as dusts and soils. Ethyl has provided no in depth review of the

"data and datagaps on manganese toxicity.

In 1925, Ethyl introduced its new product tetraethyllead as
"a gift of God." It has taken us over 50 years to realize how
diabolical this "gift" has proven to be. The reduction of lead
in gasoline represents one of the most significant public health
achievements of the EPA. I am proud to have participated in that
victory. Now in 1990 Ethyl comes bearing yet another-gift. To
this offering, EPA must just say "No." The purported "benefits"
of reducing climatic impacts cannot be achieved upon the rack of
an epidemic of manganism. EDF urges rejection of this -
application and immediate suspension of all permitted use of
manganese as a gasoline additive in the U.S.
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mANGANESE{ALL] TR MNIALLI aND <AIRCALLI OR SOILTALL] OR SOILSIALL) Ok
CENDIALL T OR GROUNDIALLT - - oND (FETRILIALLI R PETROLEUMIALL! 0OR {GAS{ALL! OR

3AS0LINECALL T )
DQICUMENT 7 =f 17:
. . . R o
AUY AUTHOR - -
Davis DW; Hsiao K; Ingels R; Shikiya J
TIi: TITLE
Origins of manganese in air particulates in California.
gG: SCURCE .
J. AIR POLLUT. CONTROL ASSOC vol. 38, no. 9, pp. 1152-1157; 1988
‘PY: PUBLICATION YEAR.- : : '
1968.
LA: LANGUAGE .
English : S
AB: ABSTEACT '
The proportions of manganese o other metals in samples of air-borne fine o
. particles taken at some sites in California have increased greatly since the CE
N beginning of 1985. Here, data are presented which indicate that the addition ///,—'
—  of mangarese to leaded gasoline is largely responsible for this increase. e
Concentrations of manganese, silicon, titanium, iron, lead and other
elements in airborne particles were measured using energy-dispersive X-ray
fluorescence analysis. Coefficients of correlation among levels of
manganese, iron and lead measured at twenty sites in California were
calculated. Levels of manganese and iron are generally highly correlated
because of the presence of_large amounts.of..these elements in.-the earth's - -
" crust. Levels of airborne manganese and lead at sites in Southern California
are often highly correlated, suggesting a vehicular source of manganese.
ABSTRACT.
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and manganese
i thewr gr=:e

nd eprdemiolo
d o nervous

=xposure to low concentrations. These metals appear to produce behavioral
changes by altering the metabolism of brain neurotransmitters., Clinical and
animal data: show that lead and manganese are most toxic to the nervous system,
vhile cadmium exerts adverse effects on the kidney and-the male reproductive ™
. aystem. It is hypocheszged that the metals exert their toxic effects by
damaging biologic defenses that exist in the body to serve as protective
mechanism against exogenous toxina. The 1mportance of studying combined
health effects of toxins is 2mphasized; humans are exposed simulbaneously'or
successively to different physical, chemical, bicological, and psychological
factors, and other factors such as drug therapy, cigarette smoking, alcchcl
ingestion, and coexistent disease may influence individual susceptibility to
these metals. Thus, at very low concentrations of a single metal, bhe“P may
be severe impairment of absorption, distribution, receptor sites, or
elimination of the toxic substance. Evidence shows that metals are capable of
interacting vith biologicaily important cellular systems at doses below those
required to produce signs of overt toxicity. The authors conclude that it is
=seentlal to develop an appropriate model of metal toxicity that can serve as -
a predictive tool of toxic manifestations when Pncountered in combination with.._
—=ther metallotoxins.
AN: 20147720
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SilverPlatter 1.6 TOXLINE (R) 1981 - 1987

= L, And Zehaviorai BF
The Aqult House
St ineman-CH; L'Agcenino-KB; Massaro-5J

20 NeurcT v vale 8y Nee 1, pagec 1-18, 32 refererces, (43S .

AE: The uptaks,. distributizcn, and behavicral effecte of inhalacion 2Xposura £
'hanganesq L 7433965 ) studied in mice. Male ICR-Svwiss-mice were exposed to
-manganese-dioxide 13 29) dust or filtered aip 7 hours per day, S days per-
week for 16 to 32 veeks. Exposure-:oncentrations vere 49.1 milligrams per

cubic merer (mg/m3) for the first 12 veeks and 85.3m9/n3 thereafter. Selected

Tilopma 2cts Of Inhalation Exposure

=,
Manganese

Asrganny-]

< e,

£
1]
-
—- D

3
s

C e gt

.

animals vere observed for behavioral performance (ambulations. and r‘ea'm.ngs'in,'“-"‘“"’-“"f"“"""“"“'j"'u

‘the open field, hole in the board exploration) and passive avoidance learning
at weeks 15, 20, %4, 28, and 3%Z. PBody velghte vere measured. They were then
killed and organs and tissues vere taken and assayed for manganese. Tissue
samples vere examined for histopathol:gical changes. Manganese expcsed mice
executed a significancly larger number of rearings in the open field and

tended e show longer latencies to enter the open field. The exposed mice had -
higher body wvelghts than control animais. Manganese exposed animals had
»sighif1cancly higher biood, liver, kidney, lung, cerebrum, cerebellum plus
brain stem, and testes manganese concentrations than controle. With the
exception of Lhe fiver, the Danganese- concentraticns decreased with increasing
eXposure time after 20 wveeks. Liver nanganese concentrations increased with
increazing exposure time. Manganese-dioxide €Xposure caused no detectable
histopathologlcal change:.' The authors conclude that inhalation exposure to
Ranganese has significant effects on mouse behavior, particularly those

ERONER

_behavicrs_having .an activxtymcomponenti"and“bauSes'é_ffgﬁéléﬁgmfhérease in
tiSZus manganese concentrations. The decrease in tissue manganese
ceoncentrations observed in all organs except the liver would appear to have a
protective function. : '
AN: 00149036
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TOXLINE (R). 1981 - 1987

B f Manganese [ wWorkers From & Mn Sainz and
4 .
/ . . . e
s Hanouxau-[; de-Favs-M; uenet-F‘ nernard A, Bucha Jri
Lauwerys-kE . e _ :
80: 8Science of rhe Total Envxronmenc, Vol. 42, NE. 1 2 ‘pages °01 -206, 1§
references, 1985 a

AB: An epidemiolcgical study of workers rrom a nanganeee (7439954) salts and
"oxides producing facility (SIC-2819) was conducted: The cohort consisted of
245 male subjects divided into 104 comparisons and 14]1 manganese:exposed
.workers. Manganese-exposed vorkers vere oc»upxed at 11 workplaces. . Total
airborne manganese-dust was monitored with personal samplers. Each subject
was examined according to the following protocel: self-administered
questionnaire; neurological examination; records of maximal expxratory flow

C e

AT o

D s o = o
B ~ "

volume curves, forced vital capacity (FVC),
peak expiratory flow rate (PEFR},
psychomotor tests; and biological analyses.

forced expiratory velume (FEV),

and maximal sxpiratory flov rate (MEFR);

No relationship was found batween

R m-, m‘hi;

manganese in blood and manganese in urine. There was no correlation between
the concentrations of manganese in blood of each of the comparisons or exposed
subjects and the current concentrations of wmanganese-in air: at each wvorkplace.
There was no correlation between duration of exposure and manganese in blood
or manganese in urine. éAnalysis of the guestionnaire ravealed higher
prevalences of cough, sputum, dyspnea, and acute bronchitis in the manganese .
exposed workers. Lung functionsa were mild and showed a slight decrease 1in
MEFE ac 50 and 7S percent of FUC in sanganese-exposed nonsmokers and a
smolers and manganese exposed smokers. Significant differences were found for
fatigue, tinnitus, trembling of fingers, and increasad irritability in
manganese cxposed vorkers. Manganese exposed workers performed less well
during the psychomotor tests, and abnormal score values vere higher for eye to
hand coordination, hand steadiness, short term memory, and simple reacticn
time.
that for the comparison group. The authors suggest that preclinical
perturbations may occur in subjects exposed to airborne sanganese -
concentrations that are lower than concentrations actually tolerated
AN: 00147456
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statiscically eignificant-difference—in—FVC;-FEV;and-PEFR betveen comparison =

The hematological data of manganese exposed vorkers. did not dirffer from.
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Output generated from Compact Cambridge: POLTOX 1987 - March 1990
Search Strateqy:

{t MANGANESE[ALL] OE MNIALL1» AND. { {NEUROTOX+IALL] OR NEURUTRANSMIT*[ALL]) CR

(NEURGLOG<+({ALL1 OR NEURGPATH={ALL}: OE (NERVE[ALL] OR NERVES{ALL]) CR
NERVOUSTALL 1)) ) AND MANGANESELALL]
DOCUMENT 47 of 85:

AU: AUTHOR -
Donaldson J

- TI: TITLE

The Physiopathologic Significance of Manganese in Brain: Its Relation to
Schizophrenia and Neurodegenerative Disorders

80: SOURCE '

NeuroToxicology, Vol. 8, No. 3, pages 451-462, 48 references, 1987

PY: PUBLICATION YEAR

1987

LAa: LANGUAGE

English

AB: ABSTRACT

The physicopathology of elevated brain manganese (7439965) (Mn) was revieved
vith the purpose of elucidating mechanisms of Mn neurotoxicity. Animal
nodels of Mn pathology, case studies of Locura-manganica or manganese
madness, the Groote Eylandt syndrome, chronic manganism, and manganese
psychosis were discussed. Common observations included melanin loss,
degeneration of the -striatum or its components, and alterations in central
dopaminergic receptors implying dopamine oxidation as a mechanism of Mn
pathology. Hypotheses for Mn pathology reviewed included Mn induced
enhancement of dopamine autooxidation, Mn catalyzed production of toxic

catecholanmines, Mn-self-oxidation-and dismutation vith Fesulfing oxidative =~

destruction of dopamine, and catecholamine oxidation by trivalent Mn. The
role of zinc in protecting against Mn induced dopamine oxidation was
attributed to the affinity of zinc ions for. hydroxyl moieties and to the

involvement of zinc in maintaining redox balance and membrane stability. The

author suggests that tissue susceptibility to Mn toxic effects in the brain

are related to the redox bioenergetic status of the various tissues and that

other tissues vith elevated levels of oxidative enzymes (oxidases,
peroxides) such as testes, pancreatic-B cells, and macrophages would show
similar sensitivity to Mn insult. ABSTRACT.
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. tearch Strategy:

"/MANPANESELALLI OR MN(ALL1: AND.J(NEUQLTOKO[ALLi OR NEUROTEANSHIT'[ALu]) OR -

CONEURCGLOGe{ALLD TR NEURUF—TH*fAL-.Z SR CNERVELALL] 2R NERVEStALL <k
NERGTUEL .-L.. T aND MANGANESELALL
DOCUMENT 34 of 8%:

820 3OURCE - S ' ‘

Arch Bicchem Biophys; VOL 256, 138 2, 19&7,
FY: FUBLICATION YEAR
13387

LA: LANGUAGE

Endli sh

AR: ABUTEALT e, o - : " :
Human manganese poisoning or manaanxsm rﬂsuICS in damage to the substantia
nigra of the brain stem, a drop in the level of the inhibitory
neurotransmitter dopamine, and symptoms resembling those of Parkinson's
disease. Manganic (Mn3+! manganese ions wvere shown to be readily produced by
0-2 in vitre and spontaneously under conditions obtainable in the human
brain. Mn3+ as its pyrophosphate ccmplex was shown to rapidly and

efficiently carry out four-electron oxidations of dopamine, its precursor
doga (3,4-dihydroxyphenylalanine), and i1ts biosynthetic producte epinephrine
and ncrepinephrine. Mn3+-pyrophosphate was shown to specifically attack

-dihydroxybenzene derivatives, but only those with adjacent hydroxyl groups.

Further, the addition of Mn2+-pyrophosphate to a system containing a flux of
02- and dopamine greatly accelerated the oxidation of dopamine.  The
oxidation of dopamine by Mn3+ neither produced nor required 02, and Mn3+ wvas
far -more efficient than Mn2+, Mn4+ (Mn02), 02-, or H202 in oxidizing the
TE3techolamines. A—hxgher oxidation state, Mn(Oh)3 " formed ‘pontaneously n
an agquecus Mn(OH)Z precipitate and slowly darkened, presumably being
oxidized to MnO2. Like reagent Mn0O2, it wveakly catalyzed dopamine oxidatibn.
However, both Mn0Z2 preparations showed ‘dramatically increased abilities to
oxidize dopamine i1n the presence of pyrophosphate due to enhancement of the
spontaneous formation of the Mn3+ complex. These results strongly suggest
that the pathology of manganese neurotoxicity 1s dependent on the ease vith
wvhich simple Mn3+ complexes are formed under physiological conditions and
the erficiency with which they destroy catecholamines. ABSTRACT.
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English

AE: ABETRACT

8

This study attempts

rmations and motcr dis
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DOTUMENT

Findings in 3~

orders:
population. '
1987

vol. 3, no. 3, pp. 421-430;

FUELICATION YEAR

to further delineate aspects of the Groote Eylandt

syndrone,

and by examining bhirth records and children, to explore the

possible =ffec

ts of manganese during fetal and neonatal development. This

feccus on the childhood population 15 in accord with both the clinical
the investigator and vith =xperimental evidence which suggests .-

expertise of

o

hat manganese may be & particular hazard during fetal and neonatal
deve lopnent. ABSTRACT.
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Juzgut yeneratea Srom Compact Cambridge: BCLTOX 1587 - March 1939
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' (it MANGANESELALL L ’JF: : ND 7 (NEUROTOX={ALL I OFE NEURCTEANSMIT+[ALL1; K
CMEURCL DG ALL ATHeIALLY DR INERVEIALL] IR NERVESIALLI OF

AND . MAMNGANESEL AL

T ot oof 8%

Ll

oy e : 3
TITLE ,
bl £ S pANGINESE ide on monkeys 3--rﬁvealad by a combined. - Co EEEEERE
zchemizai, hi st clcgl=al and n&urophy 10logizal evaluation. -
SOURCE
h Toxicol; VOL .61, 188:1, 1987, Pa6-S2
PUBLICATION YEAR !
1987
LA: LANGUAGE e g
English . o s ‘ U
AB: ABSTRACT
Four monkeys were exposed to a -total o{_@_g,each of manganese as oxide by

repetitive =ubcutaneou- 1nJe«txons during S5 months, after wvhich they were
left for L veek to 6 months before they wvere :acrxtxued All animals
developed hyperactive bkehavicur after about 2 months. About S months after o
the start of the exposure the animals became hypoactive wit th an unsteady
gait, and subsequentiy an action tremor appeared in some of the animals. The
animals lost power in both upper and lover limbs and the movements of the
hands and.feet were very clumsy. The serum content of manganese rose 10-40
times during the exposure time and the content in brain was generally
increased more than 10 times, with the highest content found i1n globus )
pallidus and purtamen. The observed neurochemical effects were also largest T
in globus pallidus and putamen. In these regions there vas a considerable S e
depleticon of dopamine and 3,4-dihydroxyphenylacetic-acid,-while -the-—— - —— - '
T hémevanillic acid content remained almost unchanged. A severe neuronal cell
loss was cbserved in globus pallidus but not in other regions. This is 1n .
" accordance with results from the most recent neuropathological study of a o
human suffering from chronic manganese poisoning [Yamada et al. (1986) Acta o
Neuropathcl 70: £73-273) where globus pallidus was davoid of neuronal cells :
‘while the content of pigmented cells in substantia nigra wvas normal. Our :
data suggest a reduction in number of dopaminergic nerve terminals, as the
activity of the dopamine synthesizing enzyme DOPA-decarboxylase was also
lowered. (ABSTRACT TRUNCATED AT 250 WORDS) ABSTRACT.
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An epxdem;ol:cxﬂal survey vas conducted to evaluate the effects of exposure . e e

o manganese {7433965) on the lung, central nervous system, snd selected C H’ "f

phveicslogical parameters of ;nuu=nrxal workers. A group of 141 male workers o N

sxpozed to mangansse formed the sxperimental group and vere compared to 104 - ' )

cCmpAarison ‘UDJPFZ . Eelative to the ceomparison group,’ the exposed group : o ﬂ.”i;;
sxhit:ized an increased tendency towvards developing coughs 1ri the winter, ; : .
ivupnﬂa during exerc i se, and incidences of acute bronchitis. The lung ' : -
functlon parameters such 3s forced vital capacity, peak expiratory f{low
rate, and others were only mildly changed in exposed workers who .were also
either previcus or current smokers. Smoking and manganese. exposure.showved no

s syperqy ) nisr T vere the changes 1n smokers related to manganese levels in
blocd or urine. There was a small increase in the prevalence of fatxgue,
irritability, tinnitus and trembling of fingers in the expozed workers.
Exposurs to manganess had significant adverse effects on audic verbal short
Lern pemory uapacxty. eye hand _oordxnatxon, reaction time and steadiness of
the hand. The manganese group alsc had altered serum levels of ferritin,
calcium, copper, and ceruloplasmin. Exposed workers had an increased number
of cirzulating neutrophils. Changes in these biological and neurological
paramsters were not related to exposure levels in a dose dependent fashion.
Hand tremors, eye hand coordination and blood calcium levels wvere related .to
manganese levels in blood. The authors conclude that a time weighted average
exposure Lo manganese dust at 1mg/m3 for less than 20 years may result n
prerlxnxcal signs of intoxication. ABSTRACT. : - : e
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TOXEIE
Tl1 lhrinii manganese poiscning! 2 neuropathological srtudy with densrmicaticn
! manganese J1stributics

&0 Yamads-Mi Jane-3: CGkavasu-

Train,
-

i Cheda-%: daraksvama-3; Waranake-H; Ushio-i:

ot

wzzzzhi-H
Acta-Neuropathol-Berl; /L 74, 33 3-&. 1936, F273-3
: An auncesy cage -of 2 Sl-year-sld man suffsring from chronlc manganese
poisoning (CMP) 1s reported with determination_of the manganese distriburizn
in bhe erain. The patient had been vorkirg. in a panganese ore crushing plant
since 196S. In 1967 he began to complain of difficulties in wvalking and
‘diminicshed libido. Later, he develc cped various neuropsychiatric symptoms
including euphoria, emotional incontinence, masked face, monotonous speech,
“sock-walk", increased muscle tone, weakness of upper and lower extremities .
tremor of the eye lxd and exaggeraticn of knee -jerks. The major = , R ——
neuropathologxcal ‘hange was degeneration of the-basal ganglia, in wvhich the
paliidum vas severely affected. The pallidum disclosed a loss and degeneration
of nerve cells, which was especially marked in the medial segment, a prominent
decrease of myelinated fibers, and moderate astrocytic proliferation. The
substantia nigra was intact. Distribution of manganese in the brain of the
present case of CMP was determined using flameless atomic absorption e e
spectrometry and compared with contrel cases and also a case of Parkinson's
disease (PD). There was no significant difference between the control cases
and the case of PD in average concentration of manganese and its distribution
in the brain. The present case of CMP showed no elevation in average
concentration of manganese in the brain. However, there were some changes in
its distribution. Thus, the continuance of neurological disorders in CMP is
nct linked to an elevated manganese concentration itself in the brain. CMP
appears to be different from PD 1in. neuropabhology and _manganese bﬁhavxor in
“Tbrarn” T o
AN: 87022052 ' : SN
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4ND THE DEV ELCFMENT oF 2TARTLE IN

30 RATOLOGY: 3Z:i-1i.173
AE: ETIZ/ORNL ' -
AN 2Z03I7%74
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oF: TOXBIB ’
TI: Effect of low protein diet on manganese neurotoxicicy: [II. Brain

neurotransmitter ievels. ‘ . N

AU: Ali=MM; Murthy-RC; Mandal-SK: Chandra-gV o I

80: Nﬂurobehav—Toxxvol.Teratol VoL 7, 188 <, 1@85 P427-31

AB: The effect of concurrent low protein (10% casein) diet and manganese (Mn)
exposure (3 mo/ml drinking water) on brain levels of dopamine (DA,
norepinephrine (NE) and S-hydroxytryptamine (S-HT) vere investigated in
Fo-growing (90 days exposure}, Fo-diet rehabilitated {low~---normal protein
di1et-23 davs) and Fl-veaned rats. Mn-expcsure in either diet group resulted in
8 zignificant increass in the DA and NE levels but.a decrease in the S-HT
level. These effects were more pronounced 1n the rats fed the low protein
diet, especially in the Fl-ﬁrrspran-. Diet rehakiiitation reduced the effects

of Mn exposure.
AN: u603 2415 .
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e ; Buc : eis rd-a; Gennart-JF .

- - - - -~ -3 - SN Wt

E 1oi-3 -Fubliques MOL 3e, 128 4-3,- 1858, PIRG-S

AD: W= have ger c'med several cross-sectional =pidemiclogical surveys among

rfor

workers sxpozed to cadmium, mercury vapour or panganese in order to assess | :
their early biological or functional effects; the biclogical tests allowxng an Sl
asgesement Of the amount of metal ahsorbed or stored in the body; the - . . S
azceptable exposure IPvels. Studies have also been carried out among persons O
expozed to inorganic arsenic in order to define its inactivation mechanism and n T e
to ‘develop a bioldgical test of exposure. The kidney ie the main critical o
organ following long-term exposure to cadmium. To prevent the occurrence of _ .
renal changes i1n the majority of male workers exposed to cadmium, its . .
concentratice in renal cortex should not exceed 215 micrograms/g (wet weight), o
and that 1n urine ! 1) micrograms/g creatinine. A blood cadmium level of 1 .
microgram/ 100 ml has been suggested 3as maximum tolerable level for long-term ' T
evposure. Prolonged exposure to mercury vapour may lead to renal and - . A
neurological disturbances. The preclinical sians of nephrotoxicity are ’ ' .
correlated with the amount of mercury absorbed vhich may be assessed by . ST
monitoring the mercury level in urine. The -neurotoxic effects (particularly- B
tremor) are mainly related to the integrated exposure (duration and . . .
intensity). A maximal permissible level of S0 micrograms Hg/g urinary o i
creatinine is proposed to prevent the occurrence of these toxic effects. An
. exposure to manganese dust for 7 years on the average at a level below the
- mAXinum-allowable-airborne -concentration (S mg/m3) Fecommendéd by the ACGIH in
’ the USA may sti1ll lead to 2 slight reduction in psychomctor and spirometric

performances and interfere with calcium metabolism. (ABSTRACT TRUNCATED AT 250 : Lo

WORDS } R

AN: 37143228 : ‘ '
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developing nervous
=B; Flantin-LO:

Morach-C; Heilbronn-E

80: Acta-PharmacolfToxicol

-Copenh VOL 59, 188 S, 1986, P345-8

AB: SpraguejDawley rats
during their postnatal

vere. exposed to sublethal doses of

.mangane

se chloride

transient clinical signs o

development“beriodidb‘60'44 days o

f diseasa and a decreased homov

f age. They showed
antllic acid (HVA)

content 1n the striacum and hypothalamus
Danganese content in the brain vas increased 20-40 times during this pericd as-
Jdetermined with neutron activation analyses. In spite of this no structurai
damage or signs of maturation disturbances 1n the nervous system were found.
[aterruption of RAnganese c=vposure reversed the changes in HVA content.

betveen 15 and 22 days of age. The

AN: &7123%pa.
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pricn and metabolis:m of manganese (7439965) was studied in heaithy -

ing a radiocactive tracer. Fdurteen health volunteers, ages 20 to 3& ’

ved either a test meai or a mineral solution containing labeled .

" manganese. Whole body retenticon measurements with scintillators were made
daily for the first 2 veeks and then veekly for up to © months.. Two subjects
vere subsequently given intravencus injections of labeled manganese 6 months
after oral administration and wvhole body retention was monitored in a similar’
manner. The biological half life of the radicisotope after oral
administration vas 13 +/8 days for the rirst 20 days, and 34 +/8 days for days
20 through S0. In the two subjects that received manganese both orally and
intravenously, the biological half lives for the first 20 days after oral .
administration wvere & and 1S days, and 23 and 635 days, respectively, after SRR e
intravencus administration. Manganese absorption wvas meazured after oral : '
intake of 450 milliliters of cow's milk baby formula containing S0 micrograms
per liter manganese, or 2 multielemental preparacion containing 2.9 milligrams ) O
manganese. The absorpticon of manganese from the infant formula was 8.4 +/4.7 e
percent, with the exception of one subject with iron deficiency anemia, in . LT
wvhom 45.S5 gercent of the manganese was abscrbed. Absorption from the e e et
multielemental preparation was 8.9 +/3.2 percent. The authors conclude that: "
the metabolism of manganese is dependent on the route cof -administration and

va - s

T R S T I

“¥Fi8s grearly between individuals. The authors further conclude that iron
deficlency anemia substantially increases manganese absorption and may
incréase the risk of manganese toxicity. »

AN: 0166706 - . - S
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= affects of chronic admxnxatra*xdn of manganese (7439965) (Mn: on
behavior in rats were tested using a measure of locomotor activity. Male

Spraque-Davley-rats vere provided wvith drinking vater cont taining 0 or lmg/ml
of manganese—chloride (777301S) (MnCl2). Mn-did not affect body veights.
After 14, 29, 41, and 65 weeks, the locomotor stimulant effects of
administration of d-amphetamxne (300629) were determined. Locomotor acb1v1ty
wae  increased in Mn treated rats at weeks five, six, and seven, but
subsequently returning to contreol levels. Activity levels were higher in Mn
treaced animals. Mn treatment had no effect on habituation. By week 13 there
vas no Mn effect. d-Amphetamine significantly increased activity, and the -
observed interaction effect indicated greater stimulating effect of
d-amphetamine in Mn treated animals. At weeks 41 and 65, there was nc
difference in the responsiveness of the tvo groups to the stimulant effects of
d-amphetamine. The authore conclude that oral exposure of rats to a lov dose
of Mn resulted in a transient increase in both basal and d-amphetamine
stimulated activity. These effects may represent an animal model for the
"manganese madness" phase of Mn toxicity in humans. :

AN: 00186353
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T low pronsis disv Tn nanganese neurs O LT LY L

cchanges,

Hurechv-gC vaznava-R8; CThandra-3} . o .;17§&
enavolion g . 138 3, 1983, PI77-33 Lo e R
roin o= udizs on the effecf of soncurrent, low protein - \;;u;;m:a@
d1et L 15% casein) and manganese sigceurs (Mnl: ng/ml drinking wvater: in wwwﬂh 7

rats 13 reported here. The erfect on growing’ (Fo-QO daye) rehabilitated (Fo »
lov lea de to ncrmal protein diet~28 days) and the Fl generation pups (w@aned),\.
were -studied. Mn2+ exposure had no significant effect on growth pattern, braxn
veight or brain and plasma protein contents in either dietary groups. The dxec
reyinen had no significant effect on. the- -accumulation of Mn2+ in brain in any-
of the groups studied but the levels were higher in the Fl pups than‘in bh?mamww
parent (Fo) -generation. In the Fl pups- Mn2+ exposure had no effect on eye T
opening 1n either dietary group, delayed the development. of startle reflex in
low protein fed group only but the-air righting reflex development was delayed
in both the dietary groups, the effect being more marked in the low prbtein'
fed group. These changes reflect the early neurctoxic effect of Mn2+.

MESH: Animal-; Blood-Proteins-metabolism; Brain-metabolism; Female-; Male-; ”<3,.',
Nerve-Tissue-Froteins-metabolism; Organ-uexght-druc—etta ts. '
Protexn-balorzﬂ-ﬂalnutrxtxon-metabolxsm Ratas-

MESH: <Brain-drug-effects; #Dietary-Proteins-pharmacoliogy;
*Growch-drug-effects; +Manganese-toxicity;
*Protein-Calorie-Malnutrition-complications

AN: 83271721
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Fages TH-08, 4 refarences 1
inhalation on bas: dopamine

vas studied in monieys., Femaje rhesus-morkeys warse =Xpozed te ety
Fer cubic . meter of manganese-dioxide V13131395 duse fer 5 hours '
daily, S days = veek, for 2 years. The-;nxmale vere aobserved for clinical
2igns. After 2 years of exposure, the animals vere killed and the brain vas-
removed and dissected into the <3udate, putamen, globus pailidus, andg
substantia niara; Each brain part vas assayed for dopamine and banganese .- No
abnormal behavior or neurological signs vere noted in the monkeys during the - .
exposure period. Hanganese—dioxide<causedla Significant decrease in dopamjpe”¥ " e
us pallidus. There vas a slight,

i
it

o3
[}
]
L
—a
-
th o

IISNNrAt Lons
m:lilgrams

the treated versus control animals. Manganese-dioxide caused a 60 to 30
percent increase in Ranganese concentration in all brain parts. The authors
conclude that the dopamine systenm in the basal ganglia is susceptible to the
effects of Banganese. The amount of nanganese :inhaled and the length of
SXposure appear to determine vhether abnormal neurological signs develop. ) oo
AN: 00141795 ‘ o
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Ti: Dirfs i Tn= Neurotoxic Tif=one ¥ Hanganese~Durzng Deveioprent Ang
=Hiagl Some Tbservar; rhz e Srain Regiorsi Neurotransmitter 4rs

Non-Neurotransaitter Ha
- L3s-JoK; LEINg-T
NeuroToxicology, . Ne. i, pages ; fereances, 1934

The =rifacts of chroag- manganese-chloride ¢7- 7 exposure on :

neurcchemicai parameters vere styudies 1 rats. Wistar-rats vere administared .
manganese-chloride-tetrahydrate Ci34063548) at 3 concentration. of L milligramesi. o oo
per miilriicer ‘0g/ml) in their drinking water for perxdds'rangxng up to one -- '
itfespan, absur 2 years. The snimal: vere killed at selected intervals, their

brains vere removed, dissected,~and,assayed*for-synapbosomal aminé uptake e
glutam1c—ac1d°decarboxylase, cholxne-acetylttansferase, acetylcholinesterasa
(AChE), nicotinamide-adenine-dinucleotide (NAD) linked
1S0c1itr ic-dehydrogenase, and glucose—ﬁ-phosbhate*dehydrogenase activities,
Manganese-chloride caused transient, age dependent decrease in synaptoscmal
choline uptake in the hypothalamus and increases in uptake in the striatum.
Synaptosomal noradrenaline and serotonin uptake were not affected.
Manganese-chloride caused small decreases in choline—acetyltran&fevase_
activity 1in the cerebellum and midbrain after 2 months. The regional
distribution of'glutamxc—acid-decarboxylase. AChE, or NAD }inked
isocitrxc—dehydrogenase in the brain wvas not affected. A 10mg/nl dose of
manganese-chloride caused transient age dspendent decreases in NAD linkeda =
isocitrzc-dehydrogenase activity, but had no effect on . R e
giucose-G-phosphate-dehydrogenase activities. . In lifespan treatment vith R
Ranganese-chloride, glutamic-acid-dec;ggggylage activity was_ decreased in the-— ————
»~4—~—pon3-and.meduTTaT'EhEIiﬁé;éEEE§TE;§;gferase 3ctivity was significantly '
increased in the cerebellug and cerebral cortex, and AChE activity was
decreased in al} brain parts. The autheors conclude that encéphalopathy,
tnduced by chronic Ranganese (7433965) poisoning affects brain development and
aging in different vways. Lifespan treatment vith manganese-chloride
antagonizes age related decreases in NAD linked isocitric—dehydrogenase
activities in most brain regions,
AN: 00142452
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Neurotransaitters
Ve Manganese

H
Sewh-rK; Chandra-g¥

“
2

NeuroToxxcology,.V:l. 5. No. i, pages 27-76, 1984

. e 20fson: of manganese 1 74339¢S ) (Mn) on neurotransmitters ard
n#urﬁrecepcur°'1n the adult and developing rodent are reviewed. Clinical,
neuropatholoqxcal and biochemical evidence is presented to show that cencral
nervous system dystunctxon during Mn rﬂxxrxty is due to disturbances in the
neurotransmitter system. Effects of Mn on moncamine concentrations in the
brain of experimental animals are summarized and alterations in the metabolism
of the neurotransmitter relative to variations in speciles, dose, and mode of
Mn exposure are ncted:. The high affinity binding of appropriate agonists and
antagonists of the neurotransmitter is described. Data is presented to show
the 1nability 2f the neonate to metabolize Mn, and the effect of Mn exposure
on dopamine coricentrations and receptor sensitivity are reviewved. Neonatal
exposure to Mn produces a decrease in binding of spiroperidol to striatal
membranes and of serotonin (50673) to frontal cortical membranes., Studies are-
described that suggest the involvement of dopaminergic, serotonergic,
cholinergic, and gamma-aminobutyric-acid functions in Mn neurotoxicity. The
dopaminergic system 1s more sensitive since the activity of this receptor is
altered only at lowv doses of Mn. The mechanism by which the concentracion or
moncamines 15 altered after Mn exposure is discussed.

J4 references,
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te=vels Of Neurotransmitters, Hormones,
i Bonady-3C
Nu. I. pages Z4l-249, 40 reference, 1984

' ai and ~ﬁdocrxnﬁ sffects of repeated 1ngjections of manganese -

re zsualed in rifs.  Male Fischer-344-rats were 1ntr3p~r1*uneally injected
with saiine =or % mxllxgram* per kilogram manganese-chloride (777301S) daily
Tor © veeks. A control group was not injected or handled. Rats were weighed
and sacrificed 24 hours after the last injection. Variocus brain regions were
analyzed for neurotransmitters and bheir acid metabolib&s and neuropeptides, ¢
and serum vas analyzed for hormones. Compared to non ‘ingected controls, body ' )
weight was reduced 10 percent in saline controls and 30 percent .in. treated- - ~~ LR i
animals.. Prolactin was- 1ncreased .2 times and luteinizing hormone vas
decreased 65 to 7% percent In both saline and manganese injected animals,
vhile testosterone was decreased 70 percent in the manganese group only.
Corticestercne more than doubled in the saline controls but was not affected
in the manganese group.  Neuropeptide concentrations in the striatum and
frontal cortex wvere not arfected by any treatment. In the hypothalamus, both
treated and saline control aroups showed increases of 40 percent in beta
endorphin, 20 tc 20 percent in substance-F, and 20 percent in met-enkephalin.
Pituitary neurctensin was increased 69 percent in the manganese group.
gtriatal concentrations of dopamine, dihydroxyphenylacetic-acid,
homovanillic-acid, zerotonin, and S-hydroxyindoleacetic-acid vere 25 to 40
percent greater in the manganese group than in non injected controls; saline
control values vere intermediate to those of the other groups.. The authors
suggest that manganese predominantly attacks the hypothalamxc/pxcuxtary axis.
-The._interaction:of neurotoxicant-exposure &nid Stress may “serve to unmask toxic
effects that would othervise be imperceptible.
AN: 06144316

45 of 118

P R S AT R

MR e




-~ - -
=

arlolT

-

1

‘e

A epxdemiolw 1gacions on retived worke
froe manganese a:ni o Vit Y e
Al Zans-8: ?:masnzca-N: ; guchi=H; ¥ anxnaq=-T Foge-8:

Tzukamcno—I) Fujita
g3: Journal or

p.280=-379, (i =
AB: Mozt of the 182 retired workers had been ﬁmplhyed in small factories under
poor working conditions. S55% of them had been exposed for more than i1l years.’

48% had been in retirement for 11-20 years and 27% for more than 2! years. 124 . K
unexposed people living in the same region served as the controi group. The «© '
incidence of subjective symptoms associated with chronic manganese poisoning: :
"such as emotional instability, p=yﬁhomotor irritability and neurologic - ”»M*»*#ﬁﬂwﬁﬁw
abnormalities wvas high in the exposure group, increasing wvith the period of '
axposure to manganese dust. 23% reported subjective symptoms while they vere

still]l employed, but 45% of them reported as much as © years after their

retirement. Of the retired vorkers, S (3.1%) had parkinsonism, 3 (1.9%) showsd
symptoms of hemiparkinsoriism, and 15 (5.3%) shoved neurological symptoms
including mask-like face, unbalanced gait, =slurred speech and impairment of
fine movement. 39% of the retired workers vere diagnosed as having pneun. .
AN: 83010581 -
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siceracion of she czntral nervous system in rats,
mintstrat:icn of manganese chioride--rsiaticn ts the
. .

LMY OSINS hydrayyxabe}

WJ, 183 1 196_, P9l- 9 -

ix=4urbﬁnges. Parklnsonxsm-dementxa complex (PD) on Guam ie also manifested by
progressive extrapyramidal syndrome and dementia. In PD, the reduced
activiti=s of catecholamine synthesizing enzymes in the brain has been
demonstrated. On the other hand, the soil and vater in Guam are rich in
manganese, and one of the possxble etiologic factors is trace element
dysmetabclism in PD. The purpose of this paper is to clar1ty‘the effect of
chronic manganese loading on the central nervous system. Manganese chloride
(10 mgs/ml of demineralized and distilled water) was administrated orally to.
Wistar female rats weighing 80-110 g. Six and 12 months after the
administration, manganese loaded and control rats vere sacrificed by perfusion
fer histclogical ‘studies and by decapitaticn for the assay of tyrosine
hydrexylase (TH) activity. The striatum, globus pallidus and substantia nigra
were examined with electron microscopy. The brain for TH assay was dissected
inco four parte as the striatum, midbrain-thalamus. pons-medulla oblongata,
and hypothalamus. Ultrastructural changee vere overwvhelmingly detected in the
zona reticulata of the substantia nigra at 12 months. These  changes were
mainly composed of alterations of the postsynapse and neuronal soma--shrunken
and electron dense dendrites accumulated degenerating materials and so-called

. simple atrophy-of-the-neuron. Alterations-inthe presynapse vere extremely
‘milder than those in the postsynapse and neuron. At both 6 and 12 months, no’
significant changes in the striatum and globus pallidus vere detected except
for .irregular wvindings of the plasma membrane in the axon terminal of the
globus pallidus at 12 months. (ABSTRACT TRUNCATED AT 250 WORDS)
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i manganese neurotoxicity: 1i.

Lnandra-sv
VoL S,
M2+, 3

Jaxena-it;
eranci;
nanganese on brain 3AEA
% ctroshock seizure susceptibility in low (10% casein) and normai

% casein) protexn fed rats vere investigated. Manganese exposure caused 3

s¢ 1n the brain GABA content, lowered the seizure threshold and
increased the seizure duration. These effects were more marked in the low
protein fed rats. Diet rehabilitation caused a recovery in the GABA levels but”

1983,
ng/wi-drinking

PSS

.(

isg 3,

water )

.has only a moderating effect on the seizure susceptibility and-duration. An" ”"”““"'”'E"

inverse correlation vas observed between the brain GABA levels and seizure

threshold. Results indicate a lowered GABA~ergic activity and a functional S
dyskbalance betwsen the 5ABA-ergic-dopaminergic neuronal systems in manganese T
toxicity. ’
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2r: NIJ8H , .
Ti: Manganese Neurotoxicity: = Mzdei F:or Free.gadical Madiared
Neur odegensration
Al Donaldson-J; Mubrﬁgc -0; LaBella-F -
SO:’uanadx=n Journai of Physiclogy and Pharmac oloqy. Vol. 60, No. 11, pages

1395-1405, 46 references, 19392 .
AB: Scme effectz of manganese {16337914) on the central nervous system vere _
investigated i1n rats. . Neonatal Sprague-D&wIey-racs received daily injections
of a control saline solution or 20 micrograms per:gram body weight

manganese-chlorxde {777301%) for 14 days.

.Rats were then killed and bralns

removed. " The effects of manganese
peroxidation vere observed thrcugh

on central nervous system lipid
‘the maiondialdehyde (542733} produced as an

indicator of free radical acbivipy. Individual regions of the brain vere
studied. Other male Sprague-Davliey-rats were injected
intracerebroventricularly with saline or 25 micrograms manganese-chloride. At
1 hour animais were Killed and the norepinephrine contents determined. There

was
of newborn rats,

considerable variation in

the lipid peroxidation in various brain regions
High activity was found 1n the cerebellum and the

hypothalamus, compared wvith the medulla oblongata and the midbrain.

Treatment

vith manganese resulted i1n a drastic fall in lip:d peroxidation which ranged
from about 40 percent in the olfactory bulb to almost 100 percent in the ’
striatum. The contents of norepinephrine fell significantly in the
hypothalamus of manganese treated rata. The authors conclude that sanganese
reduces lxpxd peroxxdat1on and the synthesis of norepinephrine in the rat.
- brain. B

o
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Neurotoxic Erffe:n:z if Manganese: Zrudies On Cell Cultures,

Amimalis
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i
accjiogy, Yol. o, No. ©, pages 6S%

he =ffzcts of manganese 7439965 on necnatal and adult ravs J”dmhéﬁﬁﬂwﬁMml
and acute exposure are revieved. In early animal experiments, oL
zntubated vith 75 to 150 milligrams {(mg) labeled manganese over

everai week re slov in gaining weight compared wvith controls. Brains of

nevbern anxmals CUQL up considerably more manganese than did those of older - ; "
animals. A study on the localization of manganese is discussed. Uptake from T e R
the gastreintestinal tract is slow, but the brain accumulates manganese in R
certain areas faster than in others. A study of rats after 30 days of '
exposure to manganese found the brain accumulation to be highest in the
striatum, followed by the midbrain, thalamus, olfactory bulb, and cerebellum.
The high percentage increase found in the corpus callosum suggests an affinity
of manganese for myelinated fibers. Preliminary behavioral test results
correlated Lo transmitter studies on live animale i1ndicate increased motor
activity in rats after several weeks of daily exposure to 150mg
manganese-chloride (7773015). Increased contents of gamma-aminocbutyric-acid
{26122) 1n the striatum of rats exposed to manganese for 2 months have been
observed. Manganese has the ability to be involved in several
reduction/oxidation reactions. Manganese vas found to inhibit lipid
peroxidation when performed on adrenergic and cholihergic neurcblastoma cells

in culture. In human studies, severe symptoms include those for manganese
madness and those similar to Farkinsonism. Late peripheral nerve lesions from
manganese have.also been described. Other studies suggest that manganese . . _
displaces certain other ions present in the brain. The authors conclude that
the central catschclaminergic system is attacked by manganese compounds.
AN: 001450585
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Ti: aizeratizne I Brain Dﬂpam;ne And GAEA Following irorganic Or drganic
Hanganese “imifi=hrat L '

ci3NutE 3 Murrsv- MT

Neurocoxicology, Yeio 3.0 Ne.o 23, pages 7S5-42, Ia references, 1932

_AB: The effects ot manganese-chlorxde (7773015) (MnCl2) and
methylcyclopentadienyl-manganese~tricabonyl (12103133) (MMT) on brain dopamine
(DAY 'and gamma-amincbutyric-acid (SABA) were'investigated in male CD-1 mice. .
Mice received & percent MnCl2 in diets for 6 monthes or MMT subcutaneously at e et
10, 20, and-80 milligrams per kilogram (mg/kg) on alternate days for 3 wveeks.
Controls received subcutanecus injections of propylene-glycol. After
treatment mice vere killed and brain GAEA was assayed. DA and
choline-acetyltransferase (CAT) vere measured. MnCl2 administered in rhe feed
reduced brain DA concentratiens significantly. The DA of striatum nigra and
oifactory tubercles vere reduced by 21.5 and 18 percent, respectively,
compared with controls. No changes vere seen after 1 or 2 months. MMT
ingected at. 20 -and 80mg/kg reduced striatal DA by 10 and 23 percent,

espectively. The olfactory tubercle was more resistant to the DA depleting

ffects of MMT. MnCl2 eievated concentrations of GABA in striatum and =

"‘

i
-

s13
bstantia nigra, while MMT produced a similar effect but only at 80mg/kg dose. S e
The cerebellum. concentration of GABA was not affected by either compound.’ ’
Acute injection of MMT failed to alter GABA concentrations in the brain. CAT

__remained unchanged in.all regions-cof-the-brain after MnCl2 treatment,” o
suggesting that cholinergic neurons were spared the neurotoxic effects of L
manganese. The authors conclude that long term treatments with MnCl2 and MMT ’
induce changes in neurotransmitter concentrations.

AN: 00140115
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of Manganese Oxide on Monkesys as Revealed by a Combined
Neurcchemical, Histelegical and Neuroghysiclogical Evaluation
83: SQURCE . S
Archives of Texicology, Vol. &1, No. !, pages 46-52, 41 references, 13987
FY: PUBLICATION YEAR _ . . ‘ o
13387 - L e : S e
LA: LANGUAGE ' ’
English
AB: ABSTRACT o . ' *
The nﬁurochemxcal neurophysiological, and histological effects of high
doses of manganese-oxide (1317357} vere studied :1n monkeys. Manganese-oxide
was administered by subcutaneous i1njection i1n a suspension of olive-oil. The
animals received 3 total of & grams of manganese (7439965) over S months.
Evaluation parameters included animal behavicr as recorded on videotape,
manganese levels in various brain areas, moncamine analysis, enzymatic
activities of DOPA-decarboxylase (DDC),; choline-acetyltransferase (CAT), and
glutamic-acid-decarboxylase (GAD), glutathione mnalysis, and needle
electromyographic analysis of the tibial anterior and quadriceps femoris
muscles after stimulation of the peroneal nerve. Behavioral changes included

2stablished hyperactivity after 2 months and hypoactivity after 5. nmonths. S

W‘Motox-weaknqu,-rremor:‘and nyoS1onus were obs erved during the later stages.
Exposed monkeys shoved significant losses of neurons and concomitant
astregliosis in the pallidum. Blood manganese levels were approximately 20
times the control values throughout the experiment, and different brain
regions shovwed different susceptibilities to manganese uptake. The highest
levels of brain manganese vere reported in the globus pallidus, caudate
rcleus, substantia nagra, cerebral cortex, and cerebellum, and significant
reductions of dopaminergic and serotoninergic chemicals wvere observed in
these areas. The activities of DOC and CAT vere reduced in the putamen and
globus pallidus, and the activity of GAD appeared unaffected by the
treatment. Brain glutathione levels were depressed in the manganese exposed
animals. There was no evidence of peripheral neuropathy or disturbed

’

neurcnuscular transmxss:on. ABBTRACT. T T
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Toxizology Letters, Yoi. 32, No. i, pages 1-S, 9 references, 1987
PY: PUBLICATION YEAR .

1537 o

LA: LANGUAGE -

Erglish

AB: ABSTRACT . :
Pneumctoxicity and lethality resulting from administration of

P TR

vmethylcyclcpentadienyl—manganese-trxcarbcnyl (12108133} (MMT) and its two
-major metabolites, hydroxvmethylcyclopentadienyl-manganese-tricarbonyl

{CMT-CHZOH» and carboxycyclopetadienyli-manganese-tricarbonyl (120382074)
(CMT-COQH), were compared in Sprague-Dawley-rats. Each dose of each compound
was administered to 3 group of four rats wvhich were then cbserved for 14
daye. MMT vas administered by intraperitconeal (ip) injection of single doses .
of between 6.0 and 37.4mg/kg. At all doses except the lowest, significant

tonic clonic convulsive activity was observed, and mortality usually

acourred within 1S5 minutes of dosing. The S0 percent lethal dose of MMT was
calculated tc be 12.1lmg/kg. Extensive mottling, hemorrhage and distention of
the lungs were observed on gross pathological evaluation. Neither CMT-CH20H,
administered ip at doses of between 100 and 400mg/kg, nor CMT=COOH,... .. . ...

administered 1p at a dose of ~0mg/kg. resulted in sggnif@cant toxXicity
except at the highest dose of CMT-CHZOH. In this case, two of the animals
experianced convulsions and died. The authors conclude that MMT is much more
toxic than either of its two metabolites. They suggest that the differences
in toxicity may be due to changes 1n solubility of the metabclites allowing
for decreased distributicon into the central nervous system and a more rapid
excretion rate. They conclude that the oxidative metabolism of MMT is an
1nportant detoxifying pathway. ABESTRACT.
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L RErIury vapor or ne Banganese dusrt
2 cnnalre developed by Levins =t 2}
- I the merzury Iroup (concentration. of nercury in urine-ranging from ™
2o ' . .

R

> the gy

‘2ol microarsms/sy Creatinine;, ne statistically significant difference- T SRR
veen the observed number of . children and that expected on the. - ] '
basis ¢f the repreoductive experience of 3 vell-matched control aroup. On the -
centrary, by comparison with their corresponding cbncrols. the ) - s
fanganese-exposed vorkers. exhibited statistically significant deficjt in the . 1000
number of child;en'durxng their period of eXxposure to the metal. The axrborneﬁwm@mmﬁﬁmﬁmﬁ
concentration of manganese dusts at the 'different vorkplaces ranged from 0.07 B
to 3.61 mg/m3 wvith a geometric mean of 0,94 mg/m3.
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y No.. i, pages 105- 112 - 30 references, 1964“
2f manganese (74 399653 on the central nervous receptor were
studied 1n-vitro and in-vivo in rats. Whole rat brain homogenates vere:

tncubated 1n @ medium containing dopamine, manganese-chloride (7773015). and

rritium -3} labelled 3-gquinuclidinyi-benzilate (ONB). Folloving incubation,

the mixture was assayed for QNB binding to the brain cells by determining H-3

activity. Neonatal rats of unspecxfied‘strain wvere injected .subcutaneously . . ... . caes
vith 20 micrograms per gram manganese-chloride daily for 14 days. The rats ‘
were then killed and their brains vere removed, dissected into various parts,

and assaved for QNB binding. Brain homogenates vere prepared and assay=d for

lip1d peroxidation. In-vitro QNB binding in rat brain homogenates was reduced

by manganese-chloride. Manganese caused a significant increase in QNB binding

1n striatal tissue of neonatal rats. No effect was seen in other brain

regiaons, Lipid peroxidation was significantly reduced in all brain regions of

neonaral rarcs. The authors conclude that manganese can act either as an

oxidant or a powerful antioxidant in rat brains. Which role manganese takes

may depend on the redox status of a parcxcular brain region as well as on the -

amount of manganese deposited there. =
AN: 00142077 _ - o : C e
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2F: WIJEH : ' . . . .
Ti: Erain Manganese d:c:umuiatizn Follilowving Systemic Administratizn of Different . NET
d oy

Forms S o
Al: ociranutzos-5; Seluzer-MB; Saymeh-k; Wang-Wu-M~L; Michel-RG -
80: Archives of Toxicology. Voli. 57, Ne. 4, pages 272-275, 1l reference, 1335
“AB: Blood and brain accumulation of manganese (7438965) was studied in mice.
Malb CD-l-mice veres injected subcutanecusly (sc) with manganeae-dxchlorxde . .
777301S), manganese-oxide (1112960S;, or i
mebhylcyclopentadxenyl-nanganese-erxcarbonyl:(12108133) in doses cbrrespondin§ e
£0° 0.2 or 0.4 milliequivalent of manganese per kilogram (meg/kg). The mice
were killed 2 houre to 21 days after injection. Blood and brain nanaganese
concentrations vere measured. Mice wvere given one to three weskly sc
ingections of 0.4meq/kg managaness as manganese-oxide or manganese-chloride. _
" Blood and brain manganese concentrations vere determined as bhefore. Brain e
panganese concentratlons vere elevated to at least twice the control value 4 ‘
o 3 hours afrter administration, regardless of the chemical form of manganese---
ingected. Rlood manganese concentrations reached their maximum value 4 hours
after injection of the oxide and remained eleavated for 1| week. Blood
manganese concentrations after manganese-chloride injecticn peaked at more
than 10,000 percent of the control value within | hour and gradually declined e
over the course of 1 week; hovever, they were still 740 percent of the contrel . - i
value after | week. Peak brain concentrations occurred 24 hours after e S
injection and remaxn»d elevated for at least | week. Repeated injections....
_caused. further - increases "in both bF¥ain and blood nanqanese concentrations.
Elevated brain manganese concentrations after repeated injecticns decreased
more slowly than after a single injection. Brain manganese concentrations
after 21 days wvere comparable tc those observed | week after a single

injection. The authors suggest that the slovly developing neurotoxicity in
response to manganese exposure may be due to prolonged retention of manganese
by the brain.
AN: 00154536 .
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e
Ay A N ) . LT
‘Fishman EE; McSinley rA S1armtsos G - _
Ti: TITLE' : v
Neurotoxic erffects of methylcyclopentadienyl manganese tricarbonyl (MMT) in
the mcuse:! basiz of MMT-induced seizure activity.
80: SOUECE B

2 Ry

deicology; VOL . 45,
-PY: PUBLICATION YEAR
1987

LA: LANGUAGE

English

AB: ABSTRACT

U=chylc VCLUOPntadleny' manganese rrxuarbonyl (MMT) i1s an organic
manganese~contalning compound wvhich 13 used 3z an additive in unieaded

188 2, 1987, P183-201 o ‘ SRR

gasol;ne.
zoudy.

One neurotoxic =ffec

act, of MMT 1n mice 1s séizure activity.

In this

21zurss were observed in mice treated wvith MMT in propylene glycol

or corn 011. The LDSQ asscciated with seizure activity was lover in mice
rgcelvina MMT :n propylene glycol (132 mg/kg?) than in those receiving MMT in’
corn o1f (8999 mg/kg). Manganese foncentrabion° in the brains of mice wvhich
ehoved ssizure apr1v1ry due to MMT were higher than in those that did not
(2,45 mxcroqrams/g vs. l.14 micrograms/g for MMT treated in propylene glyvol_
and _3.25 micrograms/g-vs«—1.63 micrograms/J for MMT'IH‘corn o1l). Mice
treated vith menganese chloride (MnCl2) shoved increases in brain manganese
comparable to those of the mice showing seizure activity due to MMT, but . CL
exhibited no sign of seizure activity. MMT in non~lethal seizure—inducing’ ' :
doses had no effect on the accumulation of 4-aminobutyric acid (GABA) in
mouse brain. However, MMT inhibited the binding of
-[3Hlt-bucylbicycloorthobenzoate (3H1-TBOB (a ligand for the
GABA-A-receptor linked chloride channel) in mouse brain membranes with an
ICS0 value of 22.8 microM. The data suggeat that MMT (organic manganese) or

reatiaehe

is

a2 closely related metabolite and not elemental manganese itself

reasponsible for the seizure activity observed.

The sei1zure activity may bhe

the result of an inhibitory effect of MMT at the GABA-A receptor linked

chloride channel. ABSTEACT

-,
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AU ALUTHCE
Ferraz HE; EBertolueci PH; Pereira
TI: TITLE - _
Chronic SXposure to the fung;cide
CN8 manganese intoxication.

80 SQOURCE

Neurolegy: VoL 38, 188 4,
FY: PUBLICATION YEAR
1382 '

LA: LANGUAGE

English

AB: AB2TRACT

Manganese (Mn) polsoning,
vorkers, shares
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DOCUMENT 22 of 35. : ' } :
J8; Lima JG; Andrade LA | e
, , ' G s sy
maneb may produce symptoms and signs of S

nervousness,
additicn,
2lgns, and bradykinesxa.
uggest that
source
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3 well-known hazard in miners and industrial
many features with Parkinsen's
agricultural vorkers vith a parkinsonian syndrome,
the fungicide maneb (manganese echylene-bxs-dithiocarbamate), led us to
investigate a3 neyw possible source of Mn intoxicablon, Fifty male rural

.vorkers with OcCupational
Vvquers‘without.fungicide—exposure:“Hé‘ﬁbdéa
of plastic rigidity with cogvhee] phenomencn,

eXposure o maneb

asmory complaints, and sleepiness in the exposed group. In
v& sav other neurclogic signs,

although without
oCcupational exposure to pesticides containing Mn is 3 possible
=>f Mn intoxication of the CNS. AESTRACT.
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significantly higher prevalence
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Lizziene JJ; Maines MO

: TI. TITLE. L :
N Selecblve Vulnerabllzty of Glutathione Metabolxsm and ellulan'Defense
" Mechanisms in Rat Striatum to Manganese
. 80: SOURCE '

Journal of Pharmacology and Experimental Thprapeutxc Vol. 247, No. 1,
pages 156-161, 39 references, 1883 :
PY: PUBLICATION YEAR

1988

LA: LANGUAGE

English

AB: ABSTRACT »

The effects of manganese (74399€S) on whole brain and sbr1acal glutathione
(GE8H) metabolism and cellular defense mechanisms vere studied in rats. Adult
nale ‘Sprague~Davley-rats were administered 1750 micromoles per kilogram’
mangancus-chloride (777301%) over a 7 day pericd by subcutaneously implanted
csmotic minipumps. They .were killed at the end of the dosing period, the
brains vere removed, and the striatum was dissected ocut. Whole brain and

-striatal homogenates and the mitochondrial, microsomal, and cytosolic

fractions vere prepared and assayed for catalase, glutathiohe-peroxidase
(G8HPx}, oxidized-glutathione-reductase (G88G-red), '

gamma*glutamyl-branspeptidase (GGT)Y, gamma—glucamylcys;elne—synthetase -

(GGTcyase), -G8H;- dopamine, 3,4~ dlhydroxyphenylacerié -acid (DHPAA),
A—hydroxy-S-methylphenylacetxc acid (OHMePA4), and manganese.
Manganous-chloride significantly reduced the ccncentrations of dopamine,
DHPAA, and OHMePAA in the striatum. The manganese contents of the
mitochondrial fraction of the whole brain and striatum were significantly

"increased. Manganése gignificantly reduced vhole brain and striatal
cytosolic and mitochondrial GSHPx activity, the greatest reduction occurring

in the striatal mitochondria. Catalase activity was decreased only in the
striatum. Striatal GSH content was reduced sharply; however, vhole brain GSH
wvas reduced only slightly. Manganese increased whole brain and striatal GGT
activity and decreased vhole brain and striatal G88G-red activity. The =
increases in GGT activity were similar in both the vhole brain and striatum,
vhereas the decrease in 688G-red was greater in thé'striécum;“GGTcyage

- ‘activity vas-not significantly affected by manganese. The authors conclude

that the cellular defenso mechanisms of certain ‘enzymes important in GSH
'hxcanbly altered by manganese in the brain of rats,
”;xacum These changes may be xnvolved in manganese
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AU: AUTHOR : ' : ,
Parenti1 M; Eusconx L; Cappabianca V; Parat: EA; Groppetti A ‘ :
TIi: TITLE - _ : S
Ecle of dopam1ne in manganese neurotoyxﬁxty A B
30: SOURCE . o Ce A ' C
Brain Res; VOL 473,. I88 2, 1988, F236-40 e RS o T e i
PY: PUBLICATION YEAR ' .
1983 .
1 LA: LANGUAGE
v/ﬁ English . o
L; AB: ABSTRACT , .
Manganese chloride increased cell mortality when added to human fibroblast ’ : :
culturse. The toxicity of the metal was greatly enhanced by dopamine; this
effect was antagonized by the presence in the culture medium of catalase and
superoxide dismutaze enzymes. Manganese chloride alsc caused a marked
decrease of striatal dopamine concentrations when infused into rat
substantia nigra. Manganese neurctoxicity was lowered by pretreating the
animals vith drugs that reduced striatal dopamine turnover rate. o
Administration of an antioxidant, such as vitamin E, also partially L :
prevented striatal dopamxne decline induced by intranigral manganese . . _ .. . _._.__ ;
e infUETEA. T Therefore, the decreased avaxlabl‘xtv or autoxidation of dopanmine
attenuated manganese neurotoxicity. These findings are in agreement with
previous observations suggesting that manganese increases toxic products ] s
originating from dopamine catabolism. ABSTRACT. . i} ’ o ;,'
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DOCUMENT 17 of &5:
‘AU: AUTHOR : :
‘Haug BA: Schoenle PW; Karch BJ; Bardos: A; Holzgraafe M

I: TITLE.
Morvan's fibrillary chorea. A casze with possible manganese poisoning,

80: SOURCE SR
Clin Neuroi Neurosurg; VOL 91, 188 1, 1989, PS3-9

PY: PUBLICATION YEAR '

1989 .

LA: LANGUAGE -

English _
AB: ABSTRACT ' A C ST
The clinical picture of Morvan's fibrillary chorea includes a. spontaneocus ' o
muscular activity resulting from repetitive motor unit action potentials of .
peripheral origin ‘multiplets), b, autonomic dysregulation with profuse \ ) .

hyperhxdrosis, and c. central Nervous system involvement as shown by severe

49/’ lnsomnia and hallucinosis. A case featuring all these symptoms is presented.

Whereas kriown causative factors range from gold or mercury poisoning to

autoimmune disorders, the presented case is the first one- in vhich chronic

manganese 1ntoxication (cccupaticonal exXposure) seems to be implicated.

Manganese has been found. to._inhibit acetylcholine-esterase, and, as a -

“consequence, may rroduce peripheral and central cholinergic hyperactivity.
*  ABSTRACT. i
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a: AUTHOE o S
Newland MC; Ceckler TL: Kordower JH; Heizs B

Ti: TITLE

Visualizing manganese in the primate basal ganglxa vith magnetxr resonance
imaging.

§0: S0URCE

Exp Neurol; VOL 106, IS8 3, 1989, P251-8 '

PY: PUBLICATION YEAR

1989

LA: LANGUAGE

English

AE: ABSTRACT

The paramagnetism of manganese was exploited to cbtain proton nuclear
magnetic resonance (MR} 1mages of manganese-rich tissue i1n the central N
nervous system in vivo. Dne Macaca fascicularis monkey inhaled MnCl2 aerosol
prior to 1maging. A second M. fascicularis and two Cebus apellas vers
adpinistered MnCl2 in varicus doses intravenocusly. The monkeys' brains .vere
inmaged before and after manganese administration in coronal and horizontal
planes that included the basal ganglia and substantia nigra. A Tl-weighted
pulse sequence exploited manganese’'s reduction of spin-lattice relaxation
times and clearly distinguished several separate and. specific.regions after

..manganeze administration: the Caudate nucleuu, the l=nticular nucle:, the

substantia nigra, a region corresponding to subthalamic nucleus and
ventromedial hypothalamus, and the pituitary gland. The kinetics ef
manganese accumulation vere important in determining the imaged intensity of
thess regions but the route of parenteral administration was not.
Spin-lattice relaxation times showed that Tl was shortened at lover doses of
manganese and remained shortened longer in the globus pallidus and pituitary
gland while little effect appeared in gray and white matter. Tl effects in
caudate and putamen effects were intermediate. These data suggest selective
atflnxby for manganese in globus pallidus and pituitary. ABSTRACT.
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